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A  high  molecular  weight  polymer  mixture  was  obtained  from  a  sequential 

Ziegler -Natta  polymerization  of  styrene  and  propylene.  After  removing  unwanted 
homopolymers  from  the  reaction  product,  the  remaining  copolymer  was  subjected 
to  extensive  molecular  and  morphological  characterization.  The  results  of  these 
experiments  indicate  that  the  purified  material  is  a  diblock  copolymer  of  iso¬ 
tactic  polystyrene  and  isotactic  polypropylene,  with  each  block  having  a  molecular 
weight  in  the  range  of  225,000  g/mole.  This  block  copolymer  was  incorporated 
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Abstract 

A  high  molecular  weight  polymer  mixture  was  obtained  from  a  sequential 
Ziegler-Natta  polymerization  of  styrene  and  propylene.  After  removing  unwanted 
homopolymers  from  the  reaction  product,  the  remaining  copolymer  was  subjected 
to  extensive  molecular  and  morphological  characterization.  The  results  of  these 
experiments  indicate  that  the  purified  material  is  a  diblock  copolymer  of  iso¬ 
tactic  polystyrene  and  isotactic  polypropylene,  with  each  block  having  a  molec¬ 
ular  weight  in  the  range  of  225,000  g/mole.  This  block  copolymer  was  incorporated 
in  varying  amounts  into  blends  of  isotactic  polystyrene  and  isotactic  polypro¬ 
pylene  homopolymers.  At  low  concentrations  of  copolymer  (<20  wt  %),  the  diblock 
functions  as  a  dispersing  agent,  significantly  reducing  the  size  of  domains  in 
the  heterogeneous  blends.  At  higher  copolymer  concentrations,  a  dramatic  im¬ 
provement  in  the  adhesion  across  the  domain  boundaries  is  also  observed.  The 
favorable  effects  of  the  copolymer  on  mechanical  properties  are  demonstrated 
in  the  results  of  tensile  impact  experiments. 
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Introduction 


In  spite  of  the  large  quantity  of  research  on  polymer  blends  carried  out 

during  the  past  ten  years,  intense  activity  in  this  field  continues  unabated  at 
(1-4) 

the  present  time'  .  This  is  largely  due  to  the  need  for  providing  materials 
with  specified  properties  for  various  applications  without  resorting  to  the  pro¬ 
duction  of  a  previously  unknown  polymer.  It  has  been  found  in  many  cases  that 
blends  of  readily  available  polymers  can  indeed  meet  performance  specifications, 
particularly  when  a  polymeric  "compatibil izing  agent"  is  employed  in  the  blending 
process.  These  compatibil izers  generally  have  a  two-fold  function:  to  reduce 
the  characteristic  domain  size  of  the  heterogeneous  morphology  of  the  blend  and 
to  enhance  adhesion  by  providing  a  certain  amount  of  chemical  bonding  across  the 
domain  boundaries. 

Much  of  the  work  in  this  field  has  been  conducted  on  blends  comprised  of 
pairs  of  amorphous  thermoplastic  polymers^1 One  of  the  reasons  for  this 
emphasis  is  the  relative  ease  with  which  the  compatibil izers  (usually  block  or 
graft  copolymers)  can  be  synthesized  for  use  in  the  amorphous/amorphous  system. 

A  certain  amount  of  literature  also  exists  for  the  case  of  polymer  pairs  in 
which  one  component  is  semicrystalline  and  the  other  amorphous^.  However, 
except  for  the  particular  case  in  which  both  polymers  are  olefin-based^, 
essentially  nothing  has  been  reported  on  compatibilized  blends  of  two  semi- 
crystalline  polymers;  here  the  problem  of  synthesizing  a  semicrystal  line/semi¬ 
crystal  line  block  or  graft  copolymer  to  serve  as  the  compatibil izer  has  probably 
played  a  large  role  in  retarding  research. 

In  the  present  paper  we  report  on  our  recent  work  in  this  largely 
unexplored  area  of  compatibilized  semicrystalline  polymer  blends.  Our  work  has 
focused  on  the  system  comprised  of  homopolymers  of  isotactic  polystyrene  and 
isotactic  polypropylene  and  a  corresponding  di block  copolymer. 


Experimental 

The  materials  used  in  this  study  were:  a  commercial  isotactic  polypro¬ 
pylene  ( iPP)  (Moplen^MO/S,  =  450,000  g/mole),  an  isotactic  polystyrene 
(iPS)  (M  =  500,000  g/mole)  polymerized  in  a  laboratory-scale  reactor  using  a 
Ziegler-Natta  catalyst  and  a  copolymer  obtained  by  sequential  polymerization 
of  styrene  and  propylene  using  a  Ziegler-Natta  catalyst  (COP  iPS-iPP)^. 

The  copolymer  was  separated  from  unwanted  homopolymer  species  in  the  pro¬ 
duct  mixture  obtained  from  the  sequential  copolymerization  using  the  following 
procedure.  A  5%  solution  of  the  product  (with  heat  stabilizers  added)  in  a- 
chloronaphthylene  was  heated  to  160°C  in  a  jacketed  separatory  funnel.  The 
clear  solution  was  cooled  at  a  rate  of  0.5°C/min;  at  95°C  the  first  crystals 
appeared.  The  temperature  was  maintained  at  95°C  for  several  hours  to  allow 
this  fraction  to  crystallize  from  solution.  Experiments  on  the  two  homopolymers 
showed  that,  using  the  same  procedures,  isotactic  polypropylene  crystallizes  at 
110°C  and  isotactic  polystyrene  does  not  crystallize.  Thus  the  fraction  isolated 
at  95°C  was  felt  to  be  comprised  essentially  of  copolymer  species,  with  the  pos¬ 
sibility  of  some  low  molecular  weight  polypropylene  species  also  being  present. 

To  remove  the  latter,  the  crystallized  fraction  was  redissolved  in  orthodi chloro¬ 
benzene,  filtered,  precipitated  in  methanol  and  finally  extracted  with  boiling 
heptane  for  12  hours.  After  all  of  the  purification  steps,  the  residual  co¬ 
polymer  fraction  represented  only  twenty  percent  by  weight  of  the  original  re¬ 
action  product.  This  purified  copolymer  was  subjected  to  extensive  characteri¬ 
zation  as  described  in  the  next  section. 


Blends  of  iPS,  iPP  and  COP  iPS-iPP  were  prepared  by  dissolving  the  polymers 
and  an  antioxidant  (Irganox  1076)  in  orthodichlorobenzene  at  160°C  and  precipi- 
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tating  the  polymers  using  a  1:1  mixture  of  acetone  and  methanol.  The  precipi¬ 
tated  powders  were  dried  and  compression  molded  into  sheets  suitable  for  cut¬ 
ting  specimens  for  mechanical  testing.  Tensile  impact  resistance  was  determined 
j  for  various  blends  and  for  the  pure  components  using  an  instrumented  pendulum. 

ASTM  procedure  D1822  with  sample  type  S  was  employed. 

_  Results  and  Discussion 

I 

Characterization  of  Copolymer  Molecular  Structure  and  Morphology 

Prior  to  exploring  its  potential  as  a  compatibil izing  agent  for  isotactic 
polystyrene/isotactic  polypropylene  blends, extensive  molecular  and  morphological 
characterization  was  carried  out  on  the  purified  copolymer.  In  particular,  we 
felt  that  it  was  essential  to  establish  unequivocally  the  block-like  nature  of 
i  the  copolymer  since,  to  our  knolwedge,  there  have  been  no  prior  reports  of  this 

molecular  structure  in  the  literature  for  the  particular  case  of  iPS  and  iPP. 

The  chemical  composition  of  the  copolymer  was  determined  by  infrared 

i 

analysis  and  by  combustion  elemental  analysis.  The  IR  experiments  yielded 
compositions  of  48  and  57  weight  percent  polystyrene  in  duplicate  tests;  the 
elemental  analysis  showed  89.34  wt  percent  carbon  and  10.60  wt  percent  hydrogen 
which  translates  to  a  copolymer  composition  of  about  55  wt  percent  polystyrene. 
Based  on  these  results,  we  considered  the  copolymer  to  be  comprised  of  essentially 
50  wt  percent  of  each  component.  The  overall  molecular  weight  of  the  copolymer 

I 

was  difficult  to  determine  with  precision  owing  to  its  limited  solubility;  never¬ 
theless,  based  on  high  temperature  dilute  solution  viscosity  measurements  and 
high  temperature  GPC  experiments,  we  estimate  the  copolymer  molecular  weight 
to  be  in  the  range  of  330,000  to  570,000  g/mole. 


Differential  scanning  calorimetry  on  the  copolymer  revealed  two  strong 
first  order  transitions  (Figure  1)  at  161°C  and  227°C  respectively,  suggesting 
a  considerable  amount  of  polypropylene  and  polystyrene  crystallinity.  The 
me  ’  ng  points  of  the  two  homopolymers  determined  under  similar  conditions  are 
167°C  and  225°C.  Wide  angle  X-ray  scattering  revealed  significant  overall 
crystallinity  in  the  copolymer,  but  it  was  not  possible  to  make  a  quantitative 
determination  of  the  crystalline  content  of  each  component  owing  to  the  overlap 
of  the  various  peaks  in  the  X-ray  spectrum. 

1 3 

High  resolution  C  NMR  experiments  provided  the  first  important  clues 
regarding  the  molecular  architecture  of  the  copolymer.  In  the  spectrum  shown 
in  Figure  2,  all  of  the  clearly  identifiable  peaks  (i.e.  those  not  masked  by 
the  solvent)  are  located  in  the  exact  positions  exhibited  by  the  respective  homo 
polymers.  There  are  no  measureable  shifts  of  peak  locations  which  might  be 
interpreted  in  terms  of  propylene-styrene  repeat  unit  interactions.  This  infor¬ 
mation  leads  to  the  conclusion  that  the  purified  product  of  the  sequential  co¬ 
polymerization  is  either  a  block  copolymer  with  two  (or  perhaps  a  few)  long 
sequences  of  essentially  pure  isotactic  polystyrene  and  isotactic  polypropylene, 
or  a  simple  mixture  of  the  two  homopolymers.  In  order  to  eliminate  the  latter 
possibility  and  to  substantiate  the  former,  the  following  experimental  results 
were  obtained. 

In  Figure  3  two  photographs  are  shown,  both  obtained  under  identical  con¬ 
ditions  in  a  polarizing  light  microscope.  The  homopolymer  blend  (50  wt  %  of 
each  component)  exhibits,  as  expected,  a  morphology  consisting  of  large,  ir¬ 
regular  regions  (>  10  pm)  of  each  phase.  The  copolymer  has  a  much  different 
morphology,  showing  only  a  finely  dispersed  submicron  structure  throughout  the 
field  of  view.  This  apparent  microphase  separation  was  examined  at  various 
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levels  of  detail  using  transmission  electron  microscopy  on  ultramicrotomed 

sections  of  specimens  previously  stained  with  osmium  tetraoxide.  Figure  4  * 

shows  evidence  of  many  regular  structural  features  in  the  copolymer  in  the 

o 

range  of  1500  A  and  smaller,  indicating  a  molecular-level  domain  size  typical 
of  block  copolymers.  The  few  large  and  irregular  features  apparent  in  Figure  ! 

4  (top)  suggest  the  presence  of  some  homopolymer  fractions  remaining  after  the 
purification  process.  For  comparison  with  the  copolymer  morphology,  a  trans¬ 
mission  electron  micrograph  of  the  50/50  homopolymer  blend  is  shown  in  Figure  ' 

5.  In  addition  to  the  striking  difference  in  morphology  we  also  note  that  the 
blend  was  much  more  difficult  to  section  on  the  ultramicrotome  compared  to  the 
copolymer.  * 

A  final  set  of  comparative  microscopy  experiments  were  carried  out  on  a 
scanning  electron  microscope.  Prior  to  gold  decoration,  a  copolymer  specimen 

* 

and  a  50/50  homopolymer  blend  were  cut  with  a  glass  kinfe  and  the  surfaces 
were  exposed  to  vapors  of  allylamine  at  room  temperature  for  one  hour.  Figure 
6  again  reveals  a  clear  difference  between  the  blend  and  the  copolymer;  the 

i 

macrophase  separation  clearly  revealed  on  the  etched  surface  of  the  blend  is 
not  present  in  the  copolymer. 

Significant  differences  in  dynamic  mechanical  behavior  are  also  seen  ( 

when  the  copolymer  and  the  homopolymer  blend  are  compared.  Figure  7  shows 
the  results  of  free-osci nation  torsion  pendulum  experiments  for  these  two 
materials.  The  blend  shows  two  distinct  transitions  at  0  and  90°C  which  re-  , 

suit  from  the  glass  transitions  of  the  two  phases.  Evidence  that  the  phases 
are  wedded  together  to  a  greater  extent  in  the  copolymer  may  be  inferred  from 
the  more  gradual  drop  in  modulus  shown  by  this  sample  in  Figure  7.  , 


Taken  all  together,  the  comparative  information  obtained  fron  the  various 
microscopy  and  dynamic  mechanical  experiments  described  immediately  above,  indi¬ 
cates  that  the  purified  product  of  the  copolymerization  reaction  is  definitely 
not  a  simple  blend  of  homopolymers.  Furthermore,  the  fact  that  the  copolymer  is 
comprised  of  strongly  connected,  submicron-sized  phases  supports  a  molecular 
architecture  of  the  block  copolymer  type.  Thus,  from  all  of  the  facts  presented 
in  this  section,  coupled  with  the  synthesis  methods  used,  we  conclude  that  the 
purified  reaction  product  is  a  diblock  copolymer  consisting  of  linear  chain 
molecules,  each  of  which  contains  a  single  long  sequence  of  isotactic  polystyrene 
(f^  -  225,000)  which  is  covalently  linked  to  a  single  long  sequence  of  isotactic 
polypropylene  of  about  the  same  molecular  weight. 

Effect  of  Block  Copolymer  on  iPS/iPP  Blends 

Following  the  characterization  of  COP  iPS-iPP,  we  focused  our  attention 
on  its  influence  on  the  structure  and  properties  of  various  blends  of  iPS  and 
iPP.  In  particular  we  wished  to  determine  whether  or  not  the  block  copolymer 
could  function  as  a  "compatibil izing  agent"  in  these  blends.  More  specifically, 
we  examined  the  possibility  of  a  systematic  reduction  in  particle  size  in  these 
heterogeneous  blends  as  copolymer  content  was  increased  and  the  further  possi¬ 
bility  that  the  copolymer  might  promote  adhesion  between  the  phases.  Finally 
we  sought  to  establish  connections  between  observed  morphological  changes  and 
mechanical  properties.  Figure  8  provides  a  schematic  representation  of  the 
scope  of  other  work  on  blends  of  iPS  and  iPP  and  block  copolymer.  In  addition 
to  the  three  pure  components  shown  at  the  vertices  of  the  triangular  diagram, 
we  examined  three  binary  blends  of  iPS  and  iPP,  represented  by  the  points 
along  the  base  of  the  triangle,  and  nine  ternary  blends,  represented  by  points 


in  the  interior  of  the  triangle.  Because  the  copolymer  is  itself  a  material  of 
about  50  wt  %  polystyrene  and  50  wt  %  polypropylene,  the  isopleth  or  line  of 
constant  composition  is  a  straight  line  connecting  the  copolymer  vertex  with 
the  center  of  the  base  of  the  triangle.  Along  the  isopleth,  all  materials  con- 
ta-  equal  weight  percentages  of  propylene  and  styrene  repeat  units  while  the 
copolymer  content  varies  from  100%  to  0%  as  one  travels  from  vertex  to  base. 

Figure  9  provides  the  first  indication  of  the  "morphology-regulating" 
capacity  of  COP  iPS-iPP.  In  this  figure,  polarized  light  micrographs  are 
shown  for  various  ternary  blends  taken  along  the  isopleth.  It  is  clear  that 
increased  amounts  of  copolymer  result  in  morphologies  of  finer  scales.  Taken 
together.  Figures  3  and  9  indicate  that  upon  addition  of  as  little  as  5  wt  % 
diblock  copolymer,  the  coarse  morphology  of  the  homopolymer  blend  is  dramati¬ 
cally  changed,  and  that  this  is  followed  by  a  smooth  and  continuous  reduction 
in  grain  size  as  the  concentration  of  diblock  copolymer  approaches  unity. 

The  series  of  scanning  electron  micrographs  shown  in  Figure  10  supports 
the  above  findings.  The  observed  surface  morphologies,  obtained  by  fracturing 
specimens  in  liquid  nitrogen,  reveal  a  clear  trend;  a  pattern  of  ever-smaller 
scale  is  observed  as  copolymer  content  increases.  In  three  of  the  materials 
(0,2  and  5%  copolymer)  there  is  clear  evidence  of  slippage  between  the  two  dis¬ 
similar  components.  Smooth  surfaces  are  seen  on  the  large  protrusions  and 
craters  formed  during  the  fracture  process,  indicating  little  or  no  adhesion 
between  iPS  and  iPP.  At  higher  concentrations  of  diblock  (20,  80,  100%)  a 
different  behavior  is  observed.  The  surfaces  of  these  three  materials  reveal 
a  level  of  roughness  which  is  not  seen  at  lower  copolymer  contents. 

At  higher  magnification  (Figure  11)  it  is  apparent  that  part  of  the  source 
of  this  roughness  is  the  presence  of  stretched  and  broken  fibrils  of  material. 
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which  in  the  blends  containing  20  and  80%  copolymer  appear  to  span  the  inter¬ 
faces  between  regions  of  iPP  and  iPS.  This  enhanced  adhesion  is  particularly 
evident  in  the  micrograph  for  the  blend  containing  80%  copolymer  in  Figure  11. 
Also,  for  this  blend  there  are  numerous  examples  of  dispersed  particles  which 
have  been  broken  in  the  plane  of  fracture,  with  essentially  no  slippage  oc- 
curing.  Similar  observations  have  been  made  by  Heikens  and  coworkers ^  for 
blends  of  atactic  polystyrene,  low  density  polyethylene  and  the  corresponding 
graft  or  block  copolymer.  Thus,  at  high  concentrations  the  block  copolymer 
appears  to  function  both  as  a  dispersant,  reducing  the  characteristic  size 
of  the  heterogeneous  morphology,  and  as  a  coupling  agent,  providing  signifi¬ 
cantly  improved  adhesion  between  the  continuous  and  dispersed  zones  in  the 
blends. 

The  effect  of  these  two  functions  of  the  diblock  copolymer  on  mechanical 
properties  was  examined  in  the  tensile  impact  experiments  described  in  the 
Experimental  Section.  Figure  12  shows  typical  results  obtained  directly  from 
the  instrumented  impact  tester.  From  these  force-time  curves  we  obtained 
two  quantities:  E,  the  energy  required  to  fracture  the  sample  and  Og,  the 
stress  at  break,  taken  as  the  peak  stress  in  these  experiments.  Figure  13 
shows  a  plot  of  the  breaking  energy  as  a  function  of  copolymer  content  for 
various  blends  taken  along  the  isopleth.  In  addition  to  noting  the  clear 
trend  of  increased  impact  resistance  with  increased  copolymer  content,  we 

2 

also  note  that  a  typical  high  impact  polystyrene  yields  a  value  of  E  =  22  KJ/m  . 
At  20%  copolymer  content  the  iPS/iPP  blends  along  the  isopleth  already  exceed 
this  value,  and  at  very  high  copolymer  contents  the  breaking  energy  is  more 
than  double  that  of  a  typical  HIPS.  Also  of  interest  is  the  fact  that  a  poly¬ 
styrene  rich  composition  (66  wt  percent)  containing  20%  copolymer  also  exhibited 
values  of  E  well  above  that  of  HIPS.  A  final  point  regarding  the  synergistic 
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effect  of  the  copolymer  in  these  blends  is  the  fact  that  in  essentially  all 
cases  in  which  the  copolymer  content  was  5%  or  greater,  the  observed  breaking  * 

energies  were  greater  than  the  appropriate  weighted-average  value  obtained  from 
data  on  the  i PS  and  iPP  homopolymers.  Identical  statements  can  be  made  re¬ 
garding  the  stress  at  break  since  in  our  experiments  this  parameter  varies  * 

essentially  in  direct  proportion  to  the  breaking  energy. 

Conclusions  * 

The  results  presented  in  this  paper  are  two-fold  in  nature.  The  first 
aspect  is  concerned  with  the  possibility  of  obtaining  a  new  copolymer  with 
interesting  properties  from  a  sequential  copolymerization  of  styrene  and 
propylene  using  a  Ziegler-Natta  catalyst.  The  second  is  related  to  the  compati- 
bilizing  effect  of  this  copolymer  in  blends  of  isotactic  polystyrene  and  iso- 
stactic  polypropylene. 

Regarding  the  first  point,  the  extremely  fine  morphology  exhibited  by 
the  copolymer  (Figure  4)  is  partially  responsible  for  its  unusual  properties;  p 

in  addition,  as  a  consequence  of  the  block-like  molecular  architecture,  the 
interfaces  between  the  phases  in  this  material  are  well-bonded.  Comparing  the 
shear  modulus  vs.  temperature  curves  of  the  copolymer  and  the  corresponding  9 

blend  (Figure  7)  reveals  how  significant  these  two  factors  are  on  the  me¬ 
chanical  behavior  in  the  intertransitional  zone  and  above  the  polystyrene 
glass  transition.  As  far  as  impact  behavior  is  concerned,  the  copolymer  has  9 

an  impact  resistance  double  that  of  polypropylene,  five  times  that  of  poly¬ 
styrene  and  about  eight  times  that  of  the  corresponding  homopolymer  blend. 

This  indicates  that  when  iPS  and  iPP  are  blended  very  intimately,  as  in  the  » 

case  of  the  diblock  copolymer,  it  is  possible  to  achieve  impact  resistances 

far  above  the  level  expected  from  a  linear  combination  of  the  impact  resistances 

of  the  two  homopolymers.  t 


Regarding  the  second  point,  we  have  demonstrated  that  the  addition  of  the 


diblock  copolymer  to  blends  of  iPS  and  iPP  influences  dramatically  the  phase 
distribution,  even  if  the  amount  added  is  as  small  as  5%;  the  higher  the  co¬ 
polymer  content,  the  finer  the  morphology  of  the  blend.  When  twenty  weight 
percent  or  more  of  the  copolymer  is  added  to  50/50  blends  of  iPS  and  iPP,  ad¬ 
hesion  between  these  two  incompatible  polymers  is  promoted  and  mechanically  in¬ 
duced  slippage  between  the  iPS  and  iPP  phases  is  retarded.  These  more  inti¬ 
mately  blended  materials  exhibit  enhanced  impact  strengths,  also  well  above  the 
levels  predicted  by  linear  combinations  of  homopolymer  data.  Conversely,  im¬ 
pact  strengths  of  blends  without  copolymer  are  lower  than  predicted  by  the  same 
linear  relationship  . 

To  conclude,  we  believe  that  future  work  should  be  carried  out  in  two 
directions.  Other  diblock  copolymers  should  be  prepared,  ideally  with  greater 
yields,  containing  various  combinations  of  composition  and  molecular  weight. 

This  would  enable  work  to  be  carried  out  along  various  isopleths  using  tri¬ 
angular  diagrams  such  as  that  of  Figure  8  for  guidance.  In  addition,  different 
blending  methods,  perhaps  more  suited  to  industrial  application,  should  be  ex¬ 
plored  as  alternatives  to  the  precipitation  technique  used  in  this  work. 
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Figure  1  -  DSC  thermogram  of  COP  iPS-iPP 

Figure  2  -  C13  NMR  spectrum  of  COP  iPS-iPP 

Figure  3  -  Polarized  light  micrographs  of  COP  iPS-iPP  (Top)  and  50/50  iPS/iPP  blend 

Figure  4  -  TEM  micrographs  of  COP  iPS-iPP  at  different  magnifications. 

Figure  5  -  TEM  micrograph  of  50/50  iPS/iPP  blend 

Figure  6  -  SEM  micrographs  of  COP  iPS-iPP  (top)  and  50/50  iPS/iPP  blend  after 
etching  with  allyl amine  vapors 

Figure  7  -  Dynamic  mechanical  spectrum  of  COP  iPS-iPP  and  50/50  iPS-iPP  blend 
obtained  with  a  free-oscillation  torsion  pendulum 

Figure  8  -  Triangular  phase  diagram  showing  the  compositions  examined 

Figure  9  -  Polarized  light  micrographs  of  50/50  iPS/iPP  blends  containing 

different  amounts  of  COP  iPS-iPP  (top  to  bottom:  80%,  20%  and  5%), 

Figure  10  -  SEM  micrographs  of  50/50  iPS/iPP  blends  containing  different  amounts 
of  COP  iPS-iPP,  fractured  at  liquid  nitrogen  temperature 

Figure  11  -  SEM  micrographs  of  three  of  the  blends  shown  in  figure  10,  at 
higher  magnification 

Figure  12  -  Typical  force  vs  time  curve  obtained  from  the  instrumented  impact 
tester  (blend  80/10/10  COP  iPS-iPP/iPS/iPP) 

Figure  13  -  Fracture  energy  vs  copolymer  content  of  COP  iPS-iPP/iPS/iPP  blends 
along  the  isopleth 
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FIG.  6  -  SFM  MICROGRAPHS  OF  COP  iPS-ipp  (TOP) 
AND  50 /SO  iPS/iPP  BLEND  AFTER  ETCHING  WITH 
ALLYLAMI NF  VAPOIKS 
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